Article abstract-Objective: To assess the natural progression of cognitive impairment in Huntington's disease (HD) and to reveal factors that may mask this progression. Background: Although numerous cross-sectional studies reported cognitive deterioration at different stages of the disease, progressive cognitive deterioration has been, up to now, difficult to demonstrate in neuropsychological longitudinal studies. Methods: The authors assessed 22 patients in early stages of HD at yearly intervals for 2 to 4 years (average, 31.2 Ϯ 10 months), using a comprehensive neuropsychological battery based on the Core Assessment Program for Intracerebral Transplantation in Huntington's Disease (CAPIT-HD). Results: The authors observed a significant decline in different cognitive functions over time: these involved primarily attention and executive functions but also involved language comprehension, and visuospatial immediate memory. Episodic memory impairment that was already present at the time of enrollment did not show significant decline. The authors found a significant retest effect at the second assessment in many tasks. Conclusion: Many attention and executive tasks adequately assess the progression of the disease at an early stage. For other functions, the overlapping of retest effects and disease progression may confuse the results. High interindividual and intraindividual variability seem to be hallmarks of the disease.
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and memory, [2] [3] [4] and a late impairment in visuospatial abilities 5, 6 and language 2, 7 (see Brandt 8 for review), progressive cognitive deterioration has been, up to now, difficult to demonstrate in neuropsychological longitudinal studies. Whereas clinical trials are currently ongoing, more longitudinal data are required to understand the source of these difficulties to enable design of better protocols.
Three published longitudinal studies have attempted to define a slope of decline. In a cohort of mild HD patients (stages II and III), performance at episodic and semantic memory remained stable over 1 year 9 ; decline was observed only in the Selective Reminding Test and letter fluency. 10 Using four grouping tests ("psychomotor" [reflecting attention and planning], "memory," "visual," and "semantic knowledge"), a second prospective study conducted for 42 months in early Huntington's patients (mostly at Stages I and II) showed a significant decline only in the "psychomotor" tests. 11 The heterogeneity of the cohort at entry and the use of composite indices, however, may have blurred the picture. Nevertheless, in the lamotrigine trial, 12 which was based on a more homogeneous patient population, significant cognitive effects appeared not as a decline but rather as an improvement in performance for the Wechsler Adult Intelligence Scale (WAIS; full scale), word fluency, and immediate paragraph recall both in the placebo and in the lamotrigine group. The authors concluded that most of the cognitive tasks were "unable adequately to reflect disease progression." This relative stability in longitudinal studies suggests that methodologic biases masked the effects of disease progression. We have readdressed this issue within the framework of studies preparing for clinical trials that involve cell and gene therapy in patients with HD, exploring higher brain functions by use of a comprehensive neuropsychological battery. We conducted an annual evaluation of a cohort of patients at early stages of HD over a period of up to 4 years to assess the cognitive deterioration and to explain difficulties encountered in longitudinal follow-up in HD.
Subjects and methods. Twenty-two adult patients (9 women, 13 men) at an early stage of HD gave informed consent and were included in this study. They were recruited from the HD clinic of the Neurologic Department of the Henri Mondor Hospital in Créteil (France). A general description of the cohort is provided in table 1. Twenty patients were in Stage I, and two were in Stage II in the Total Functional Capacity score (TFC 13 ). All patients were followed-up for at least 2 years (three assessments), and some up to 4 years (five assessments). CAG repeats, age at entry, duration of illness, and educational levels were not controlled, because they do not directly correlate with functional staging. [13] [14] [15] [16] Twelve patients were free from associated disease. In the 10 others, previous medical events were diagnosed before inclusion in this study (S-protein deficit:1; headache: 2; nephritis: 2; idiopathic chronic diarrhea: 2; colic polyp: 1; uterine fibroma: 2; hypertension: 1), whereas one case of hypothyroidism, one of diabetes, and two of dyslipidemias were discovered and treated during the study. During the course of the study, no specific trend was observed in the administration of medications. A single patient was totally free from treatment. Administration of psychotropic medication was variable, including administration for repeated short periods (antidepressants in seven patients; sedative or anxiolytic benzodiazepines in two); administration during the whole study (antidepressants in 10; neuroleptics in 10 [dose increase: 3; dose decrease: 2; stable dose: 5]; mood regulators in 5; benzodiazepines in 11). In one patient, neuroleptics were introduced during the course of the study.
Neuropsychological assessment. Neuropsychological tasks were administered during a 4-day hospitalization in split sessions of less than 2 hours each. One session was performed per day, and the order of the tasks and their daily time of presentation were kept constant. Complete neuropsychological testing lasted 6 to 8 hours.
A large number of standardized tests were used to ensure comprehensiveness of the assessment. The battery included evaluations of attention, planning, language, memory, and visuospatial abilities. The selection of the tasks was guided by the Core Assessment Protocol for Intracerebral Transplantation in Huntington's Disease (CAPIT-HD 17 ), a battery that was designed to detect potential effects of neurosurgical therapeutic strategies in small cohorts of patients. French standardized tests were used when no standardized adaptations of the recommended English tests were available. Some additional tasks of interest also were included, such as the digit cancellation task. The delay between two assessments was increased to 12 months, rather than the recommended 6 months, to limit the potential bias introduced by retest effects. Because no parallel forms are available for all of the tasks, the same form of each task was used at each session to facilitate interpretation of results.
Global cognitive efficiency. assessed speech production. For the picture naming test, a set of 20 pictures was selected from a French set of 80 standardized pictures. 32 The assessment of articulatory rate involved 10 repetitions of three disyllabic, three trisyllabic, and three quadrisyllabic words.
Memory. Short-term memory was assessed by using the Corsi block span, 33 the visual span, 34 and the forward digit span test. 35 Long-term memory was examined by using backward digit span, 6 a French adaptation of the Free and Cued Selective Reminding Test (FCSRT), 36 and the Rey Auditory Verbal Learning Task 37 (RAVLT). Visuospatial abilities. Visuospatial abilities were tested by using the Mental Rotation Test 38 and the Judgment of Line Orientation Task 39 (JLOT). Motor, psychiatric, and functional assessments. To place neuropsychological results in the perspective of patients' general state of health, a series of tests aimed at defining diverse functional, psychiatric, and motor parameters were performed in parallel to the neuropsychological assessment.
Daily living ability was evaluated by using the Total Functional Capacity scale (TFC). 13 Severity of depression, which may affect performance, was quantified systematically by using the Montgomery and Åsberg Depression Rating Scale (MADRS). 40 Motor responses were examined by reaction time tasks (RT). 41 In these tasks, performed with Brain Scan software 1.3.1. (Centre de revalidation neuropsychologiques Universitaire, St. Luc, Bruxelles), patients were asked to click the mouse as quickly as possible when a square appeared on a computer screen. The square was presented for 50 msec, at intervals varying between 0.1 and 5 seconds. The UHDRS, 42 including the Independence Scale and the aptitude, motor, and psychiatric sections, was not available to us at the beginning of this study but was subsequently added.
Statistical analysis. The results are expressed as arithmetic means and standard deviations. To assess annual progression, an individual slope was estimated for each task by using the coefficient of linear regression model, in which the independent variable was time and the dependent variable was individual scores. The mean slopes were compared to 0, which is the predicted value indicating the absence of evolution, using Student's t-test. The retest effect, defined as an improvement in performance over time, may appear as 1) a significant improvement during the entire follow-up period, or 2) an initial improvement followed by a decline (thus, a significant decline would not be observed overall between the first and third assessment). To further explore the latter possibility, we compared the changes observed between the first and second assessments with those observed between the second and third assessments, using a paired Student's t-test. When a retest effect was observed, the annual evolution was calculated again, excluding the first assessment. All analyses were conducted by using the SPSS 9.0 (SPSS, Chicago, IL) package for Windows.
The condition of a few patients deteriorated over time such that they were unable to perform some of the tasks. In the statistical analysis, the corresponding "missing" results were replaced by the lowest possible score for each specific task (e.g., 0 points for the JLOT). When the nature of the task precluded the determination of a "lowest" score (e.g., reaction times), the data were treated as missing values.
A correlation analysis using Pearson correlation coefficients was performed between the tasks that showed a significant decrease over time and baseline variables indicating disease profile at entry: the number of CAG repeats, functional ability (TFC and independence scale), behavioral aspects (MADRS), dementia level (MDRS), and motor dysfunction (RT). To detect the influence of motor impairments in tests requiring paper and pencil responses, additional correlations were performed between UHDRS motor parts and declining tasks.
Results. The characteristics of the cohort of 22 patients are presented in table 1. All patients completed at least three assessments, one completed four, and seven completed five (mean follow-up, 31.2 Ϯ 10.0 months).
Motor and functional impairments were present, though variable, at entry and deteriorated with time. Across the entire group, there was a significant decline in the TFC score, the independence scale, the UHDRS motor score, and reaction times. In contrast, psychiatric performance assessed by the MADRS and the UHDRS psychiatric section was normal at entry-or showed only slight impairments-and was remarkably stable over time (table 2) .
Average neuropsychological performance at entry. Performance on many tasks was impaired at entry (table 3) , compared with normal published levels or, if unavailable, with seven control subjects-unpublished data). Among global tasks, the MDRS score was below normal values, whereas the PM47 and the MMSE were within the normal range. Attention and executive tasks all were impaired, with a marked slowness in timed tasks. The interference score of the Stroop task was within normal limits, whereas scores for word reading, color naming, and colored-word naming were below normal. One-, two-, and three-digit and figure cancellation performance were worse than those of normal control subjects. Completion of the TMT A and the TMT B was slow. Verbal fluency was poor, with the exception of articulatory rate (controls: 5.6 Ϯ 0.5); language skills were unimpaired, as assessed by picture naming (controls: 19.4 Ϯ 0.8) and by the Token Test. Immediate and short-term memory tasks were within the lowest limits of normal performance. Patients showed impairments in long-term memory for both the total free recall of the FCSRT and the RAVLT. Visuospatial performance was altered at entry on the Mental Rotation task but normal on the JLOT.
Decline of average values over time. Performance on attention and executive functions showed significant decline (the three-digit cancellation task, the TMT A-time measurement, verbal fluency, and the Stroop test, except the interference score) or showed a trend toward decline (the TMT A-points; p ϭ 0.09). In contrast, there was a significant improvement on performance in the WCST.
Performance on global cognitive efficiency, language, visuospatial abilities, and memory were stable during the full follow-up period. The Token test and visual span showed a significant decline over time; MDRS decline failed to reach significance (p ϭ 0.07).
Correlation analyses. No correlation was observed between the performance on the tasks that showed a significant decline and the variables that defined the profile of the patient cohort at entry (CAG repeats, TFC, MADRS, MDRS, and RT). Moreover, no correlation between UH-DRS motor score and slopes of declining cognitive tasks were obtained. Normal range limits are provided as an indication for interpretation of the data. In some cases, they were extracted from published norms; in others, they were calculated to obtain a range of difference of 1.65 standard deviations to the mean or extrapolated from normalized published curves of performance. Retest effect. Evolution of performance between the first and second assessment (⌬1) differed from those observed between the second and third assessment (⌬2) for TMT B (points): 1.4 Ϯ 3.9 versus Ϫ2.3 Ϯ 4.5, p ϭ 0.02; and categorical fluency: Ϫ1.5 Ϯ 6.4 versus Ϫ6.6 Ϯ 5.5; p ϭ 0.02). Memory tasks were very sensitive to retest effect: total free recall of the FCSRT (4.4 Ϯ 3.9 versus Ϫ3.6 Ϯ 5.2, p Ͻ 0.001) and backward digit span (0.2 Ϯ 0.7 versus Ϫ0.4 Ϯ 0.8, p ϭ 0.04). Retest effects were not observed for either language or visuospatial performance.
Because the learning of the tasks was likely to be more significant between the first and the second assessment than between the second and the third, we excluded the results of the first assessment and reanalyzed the annual evolution for the tasks in which performance suggested a retest effect (for patients who were tested more than three times, n ϭ 8). In these restricted analyses, a decline was observed for the TMT B (points) (mean slope: Ϫ2.7 Ϯ 3.0, p ϭ 0.05) and for the Color/Word condition of the Stroop test (mean slope: Ϫ2.8 Ϯ 3.1, p ϭ 0.04).
Discussion. This study was designed to evaluate the progression of cognitive functions in patients in the early stages of HD. It followed a relatively restricted cohort of 22 patients over a long period and showed a significant decline in certain cognitive functions, in particular in attention and executive functions. Although cognitive decline in HD patients is certainly not an original finding, it has been difficult to obtain conclusive longitudinal quantitative data up to now. The results of the present study point to difficulties encountered in the evaluation of cognitive performance in HD patients and suggest ways in which some of these may be overcome.
Intrinsic features of HD make cognitive decline difficult to assess. Among the cognitive functions analyzed, only attention and executive functions showed statistically significant decline over time. They further proved efficient in revealing the disease progression as indicated by the UHDRS motor, the independence scale, 42 and the TFC 13 scores. This pattern of evolution and the key assessment role of the Stroop task and verbal fluency are consistent with results obtained in previous neuropsychological longitudinal studies in HD patients, 9, 11, 12 However, these findings differ from what can be inferred from cross-sectional studies, which found, besides attention and executive functions, an early significant decline in memory, and a later one for language and visuospatial skills 2, 3, 5, 30, 43, 44 (see Brandt 8 for a review). Intrinsic features of the disease are certainly responsible for much of the difficulty encountered in the evaluation of cognitive functions. Evolution of HD extends for many years (approximately [15] [16] [17] [18] [19] [20] after clinical onset. 45 A long intertest interval therefore may be necessary to record deterioration on many tasks. In addition, comparison of standard deviations between values at entry and slopes of evolution suggests that interindividual variability over time may be one of the hallmarks of HD. Whereas the cohort of patients was relatively homogeneous at entry, as indicated by the TFC score, individual slopes of evolution were, in contrast, extremely different, leading to very large standard deviations in the group analysis, as already reported. 42 Intraindividual variability is also an issue with HD patients: mood or behavioral status may influence motivation to perform tasks, and stress, fatigue, or unknown personal events may transiently increase movement disorders and articulatory dysfunction. 46 This, in turn, may alter performance on cognitive tasks that require paper and pencil or verbal answers.
To minimize the role of these confounding factors in the elaboration of future follow-up protocols in HD, homogeneity of the cohort at entry should be targeted to reduce interindividual variability. Because of their relative predictability compared with cognitive patterns, the TFC 13 and the Independence Scale 42 scores may be used as criteria to define the homogeneity of the cohort. Within-individual variability can be reduced by conducting the multiple assessments under similar environmental conditions. This includes keeping the same examiner for all the assessments, conducting the tests as much as possible at the same time of day, in the same context (outpatient or inpatient), and at the same time of year. 47, 48 Biases in the longitudinal testing procedure. In addition to the confounding features of the disease itself, the tests and the procedure of testing may introduce biases. The high sensitivity to decline of tests devoted to attention-set shifting and executive functions in the current study is not a trivial issue: at entry, patients showed impairments not only in those functions but also in the other cognitive functions. However, that the other functions did not show decline over time is puzzling. If one accepts the generally held clinical view that patients do deteriorate over time in all functions, though not in a homogenous fashion, then some tests did not correctly quantify an existing decline.
Interestingly, tests exploring attention and executive functions are timed, whereas tests assessing most of the other functions are not. As a result, the former may be more sensitive to slowness of execution in relation to bradyarthria and bradykinesia or to a general slowness of thinking (so-called bradyphrenia) associated with subcortical dementia, 8, [49] [50] [51] although the design of the current study does not allow the separation of these factors. The wider use of timed tests for assessing functions other than attention and executive functions may sensitize currently uninformative tests and in parallel permit a better dissociation between specific and general processes in patient's performance.
Furthermore, the retest effect, defined as an improvement in performance after repeated presentation of a test, is a general problem for longitudinal neuropsychological studies. [52] [53] [54] [55] [56] Effects of implicit, or explicit learning, as well as of anxiety reduction are always an issue when the same task is performed twice. Recently, Small et al. 57 showed in healthy elderly individuals that the retest effect was not main-tained after the presentation of a second task. In our study, the retest effect predominated between the first and the second test, presumably because at this time the evolution of the disease was not severe enough to counterbalance learning and familiarization effects. An improvement in performance over the entire follow-up period, however, appeared for the WCST, suggesting that this task is inappropriate for longitudinal follow-up in HD.
To reduce the influence of the retest effect, we propose to discard the results of the first assessment from the analysis of the results. The two first assessments should be performed at short delay, and the second should be used as baseline. We also recommend use of parallel forms for those tasks that involve explicit learning, such as the FCSRT, in which retest effects may be maintained despite the exclusion of the data of the first assessment.
More directly identifiable, and therefore less problematic for the evaluation of results, were floor and ceiling effects. Certain tasks appeared to be very easy for the patients (e.g., one-figure and one-digit cancellations and language production tasks), as exemplified by average group values very close to maximal (normal) values ("ceiling" effect). In contrast, on other tests, such as three-figure and three-digit cancellation, or the TMT B, subjects performed extremely poorly at entry ("floor effect"). As a result of this low baseline, performance on such tasks did not deteriorate as for other tasks. Because the ease with which patients perform the tasks depends on the stage of the disease, it is important to adapt the choice of the tasks to the presumed abilities of the cohort during the full follow-up period.
Finally, despite retest effects and interindividual and intraindividual variability, the standardization of testing procedure and the use of a long follow-up provided an opportunity to observe a significant decline in cognitive function in this restricted cohort of early HD patients.
